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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The transistor characterized by using the carbon nanotube ring which has a semi-conductor 
property as a semiconductor material. 

[Claim 2] The transistor according to claim 1 characterized by connecting two electrodes to said carbon 
nanotube ring, and coming to prepare a control electrode in near and the estranged location of this carbon 
nanotube ring. 

[Claim 3] The transistor according to claim 2 by which it is using-as electrode material of two electrodes 
connected to said carbon nanotube ring-carbon nanotube which has conductivity characterized. 
[Claim 4] The transistor according to claim 3 to which the diameter of the carbon nanotube which has said 
conductivity is characterized by lnm or more being 1 micrometer or less. 

[Claim 5] The transistor characterized by the thing it comes to prepare in the tooth-back side of the field in 
which said carbon nanotube ring of said insulating thin film was laid for said control electrode by being a 
transistor given in any 1 of claims 2-4, and laying said carbon nanotube ring so that a ring side may contact 
an insulating thin film front face. 

[Claim 6] The transistor to which it is a transistor given in any 1 of claims 2-4, said carbon nanotube ring is 
laid so that a ring side may contact an insulating substrate front face, and said control electrode is 
characterized by the thing it comes to prepare in near and the estranged location of said carbon nanotube 
ring of said insulating substrate front face. 

[Claim 7] The transistor characterized by the thing it comes to prepare in the upper part at the pan of said 
carbon nanotube ring with which it is a transistor given in any 1 of claims 2-4, said carbon nanotube ring 
was laid so that a ring side might contact an insulating substrate front face, and the control electrode was 
laid in said insulating substrate front face. 

[Claim 8] The transistor characterized by using the carbon nanotube ring which has conductivity or a semi- 
conductor property as electrode material. 

[Claim 9] The transistor characterized by the thing are a transistor according to claim 8, said carbon 
nanotube ring is laid so that a ring side may contact a semi-conductor substrate front face, and constitute a 
control electrode, prepare the electrode of 1 in the part expressed from opening of said carbon nanotube ring 
of said semi-conductor substrate front face, and it comes to prepare other electrodes in near and the 
estranged location of said carbon nanotube ring of said semi-conductor substrate front face further. 
[Claim 1 0] The transistor by which it is using [ for the carbon nanotube ring as a control electrode / are the 
transistor according to claim 9 which comes to prepare a terminal through connection wiring, and ]-as said 
connection wiring-conductive carbon nanotube characterized. 

[Claim 1 1] The transistor according to claim 10 to which the diameter of the carbon nanotube which has 
said conductivity is characterized by lnm or more being 1 micrometer or less. 

[Claim 12] A transistor given in any 1 of claims 9-11 to which said electrode of 1 and/or other electrodes 
which are prepared in said semi-conductor substrate front face, and the bond resistance of said semi- 
conductor substrate front face and ** are characterized by being less than [ more than ImohmlOOkohm ]. 
[Claim 13] The transistor which it is a transistor given in any 1 of claims 9-12, and a semi-conductor 
substrate is a silicon substrate, and is characterized by carrying out hydrogen end processing of the dangling 
bond of the front face of this silicon substrate. 

[Claim 14] A transistor given in any 1 of claims 1-13 to which the carbon nanotube ring which has said 
semi-conductor property or conductivity is characterized by being the carbon nanotube ring of a single wall, 
or its aggregate. 

[Claim 15] A transistor given in any 1 of claims 1-14 to which the ring outer diameter of the carbon 
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nanotube ring which has said semi-conductor property or conductivity is characterized by lOnm or more 
being 10 micrometers or less. 

[Claim 16] A transistor given in any 1 of claims 1-15 to which the size of the tube part of a carbon nanotube 
ring which has said semi-conductor property or conductivity is characterized by lnm or more being 1 
micrometer or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the transistor of the nano meter size which operates at a 

room temperature in detail about a transistor applicable to an electronic device. 

[0002] 

[Description of the Prior Art] In recent years, it came to be observed as different new carbon matter from the 
graphite and amorphous carbon with which fullerene and a carbon nanotube were known very till then by 
being discovered, and a diamond. The reason is because fullerene and a carbon nanotube show the unique 
electronic physical properties from which the carbon matter till then differs. 

[0003] For example, many carbon atoms arrange the fullerene represented by C60 and C70 to a spherical 
basket type, it constitutes one molecule, and melts also into organic solvents, such as benzene. Fullerene has 
many classes besides C60 or C70, and shows the property as a superconductor or a semi-conductor. 
Moreover, the optical organic-functions effectiveness of fullerene is high, and the application as an 
electrophotography sensitive material is also considered. Furthermore, an element of a different kind can be 
confined in the interior, or fullerene can also be made to discover the effective physical properties as high- 
performance material by making various chemistry functional groups give outside. 
[0004] Although a carbon nanotube is the new ingredient which used only carbon as the configuration 
element like fullerene, functions, such as a source of electron emission, a semiconductor material, and a 
hydrogen storage ingredient, are discovered. Since it can become a semi-conductor and a conductor, the 
activity in each field of electronic industry is expected as a switching element of nano meter size, because 
the method (chirality) of atomic arrangement changes slightly especially. 

[0005] On the other hand, the gate electrode width of face of a field-effect transistor (FET) is also 
miniaturized by even about 0. 1 micrometers by progress of ultra-fine processing technology with the 
advanced silicon device which is the main force of an electronic device, and the memory whose working 
speed is 1Gbit extent is also made as an experiment from improvement in a degree of integration. When 
silicon oxide is used as an insulator, the most advantageous point of a silicon device has the remarkably low 
interface state density between silicon and silicon oxide, and it is in the point which can constitute an 
oxidization MOS (metal oxide semiconductor) transistor easily. Occupancy area was small and high 
integration of a component was attained by using the low MOS transistor concerned of power consumption 
for a logical circuit. Moreover, since a very high grade thing is obtained according to a halogen process and 
a crystal growth method can also produce a semi-conductor wafer with an aperture of 30cm or more with a 
Czochralski process, the productivity of a component of the silicon which is an ingredient is also very high. 
[0006] However, carrier mobility of silicon is low and a limitation is in a switching rate. The GaAs field- 
effect transistor (GaAs-FET) and the GeSi bipolar transistor solved the point. The carrier mobility of GaAs 
is higher than silicon, and has the working speed with GaAs-FET far higher than Si transistor. Moreover, 
since a GeSi bipolar transistor has the cheap device unit price with GaAs-FET and an EQC, a working speed 
is being made busy by the personal digital assistant etc. 

[0007] Furthermore, HEMT (high mobility transistor) by the two dimensional electron gas which confined 
the electron and the hole in two dimensions was devised in order to realize the switching rate of several 
10GHz. Current and these devices are an electron device indispensable to the high frequency 
communication link of several GHz or more including mobile communications. 

[0008] It is an electron device with low dimension structure structure like quantum wire or a quantum dot 
that current and the further working speed are expected. It is thought by confining an electron and a hole in 
one dimension (line) or zero-order origin (dot) that ultra high-speed actuation is attained. The low dimension 
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structure of such a semiconductor device not only overthrows the limitation of device size, but when 
realizing ultra high-speed actuation of a switching device, it is expected that it is an important technique. 
[0009] Since the diameter of especially a carbon nanotube is several nm, the electric conduction device is 
equal to a single dimension, and attracts attention as low dimension electrical conduction matter. And since 
there are some which show a semi-conductor property, the single wall carbon nanotube has the potentia 
which can constitute the transistor of the nano meter size by the carbon nanotube. The rectifying 
characteristic of a carbon nanotube is checked in current and ordinary temperature, and the single dimension 
quantum state (RATTIN jar liquid condition) in a room temperature is also suggested further 
experimentally. Therefore, it thinks [ that the switching device of a carbon nanotube with the working speed 
of several THz is realizable by applying the ballistic conduction device in ordinary temperature, and ]. 
[0010] Moreover, in performing detailed-ization beyond this, the processing process of a silicon device has 
many problems, and is approaching the technical limitation. Especially a technique with a line breadth of 0. 1 
micrometers or less which is an optical limitation in an exposure technique has many technical problems, 
such as oxide-film formation, although the F2 laser exposing method, the electron ray beam exposing 
method, etc. are proposed. The technique of realizing the device which operates in current and the size of 
0.1 micrometers or less has many technical problems as a manufacturing technology, although various 
things are devised and developed. 

[001 1] Therefore, if the manufacturing technology of the electron device by the carbon nanotube is offered, 
it is expected that the device for which the processing process of the silicon device not only approaching 
high-speed operation but current and a limitation can be substituted can be proposed. 
[0012] 

[Problem(s) to be Solved by the Invention] however, the carbon nanotube obtained by the arc discharge 
method, the laser ablation method, etc. — a size — about 1 law — even when — the die length is various and 
the technique of obtaining the carbon nanotube of required size over a several 1 Onm to several mm large 
area in case control of the die length is difficult and moreover constitutes a component does not have a place 
to current, the carbon nanotube of the size obtained accidentally is used in a Prior art --**** — even if it 
could not pass but could use the carbon nanotube in laboratory, it was difficult to use as an electron device 
ingredient industrially. 

[0013] Moreover, when connecting a metal electrode with a carbon nanotube, contact resistance was high 
and disadvantageous for high-speed actuation. 

[0014] Then, the purpose of this invention is using a carbon nanotube for a semiconductor device, and high- 
speed operation is possible for it, and it is to offer the transistor of the nano meter size which operates at a 
room temperature. 
[0015] 

[Means for Solving the Problem] If a single wall carbon nanotube is processed ultrasonically, forming a 
minute ring, i.e., the carbon nanotube ring told to this invention, is known. In this invention, it is 
characterized by constituting the transistor as an electron device using this carbon nanotube ring. 
[0016] The above-mentioned purpose is attained by the following this inventions. Namely, this invention 
<1> It is the transistor characterized by using the carbon nanotube ring which has a semi-conductor property 
as a semiconductor material. 

<2> It is a transistor given in <1> characterized by connecting two electrodes to said carbon nanotube ring, 
and coming to prepare a control electrode in near and the estranged location of this carbon nanotube ring. 
[0017] <3> It is a transistor given in <2> by which it is using-as electrode material of two electrodes 
connected to said carbon nanotube ring-carbon nanotube which has conductivity characterized. 
<4> The diameter of the carbon nanotube which has said conductivity is a transistor given in <3> 
characterized by lnm or more being 1 micrometer or less. 

[0018] <5> It is a transistor given in any 1 of <2>- <4>, and is the transistor characterized by the thing it 
comes to prepare in the tooth-back side of the field in which said carbon nanotube ring of said insulating 
thin film was laid for said control electrode by laying said carbon nanotube ring so that a ring side may 
contact an insulating thin film front face. 

[0019] <6> Said carbon nanotube ring is laid so that a ring side may contact an insulating substrate front 
face, it is a transistor given in any 1 of <2>- <4>, and said control electrode is the transistor characterized by 
the thing it comes to prepare in near and the estranged location of said carbon nanotube ring of said 
insulating substrate front face. 

[0020] <7> It is a transistor given in any 1 of <2>- <4>, and is the transistor characterized by the thing it 
comes to prepare in the upper part at the pan of said carbon nanotube ring with which said carbon nanotube 
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ring was laid so that a ring side might contact an insulating substrate front face, and the control electrode 
was laid in said insulating substrate front face. 

[0021] <8> It is the transistor characterized by using the carbon nanotube ring which has conductivity or a 
semi-conductor property as electrode material. 

<9> It is a transistor given in <8>. Said carbon nanotube ring Are laid in a semi-conductor substrate front 
face so that a ring side may contact, and a control electrode is constituted. It is the transistor characterized 
by the thing prepare the electrode of 1 in the part expressed from opening of said carbon nanotube ring of 
said semi-conductor substrate front face, and it comes to prepare other electrodes in near and the estranged 
location of said carbon nanotube ring of said semi-conductor substrate front face further. 
[0022] <10> It is a transistor given in <9> which comes to prepare a terminal in the carbon nanotube ring as 
a control electrode through connection wiring, and is the transistor by which it is using-as said connection 
wiring-conductive carbon nanotube characterized. 

<1 1> The diameter of the carbon nanotube which has said conductivity is a transistor given in <10> 
characterized by lnm or more being 1 micrometer or less. 

<12> Said electrode of 1 and/or other electrodes which are prepared in said semi-conductor substrate front 
face, and the bond resistance of said semi-conductor substrate front face and ** are transistors given in any 
1 of <9>- <1 1> characterized by being less than [ more than ImohmlOOkohm ]. 

[0023] <13> It is a transistor given in any 1 of <9>- <12>, a semi-conductor substrate is a silicon substrate, 
and it is the transistor characterized by carrying out hydrogen end processing of the dangling bond of the 
front face of this silicon substrate. 

<14> The carbon nanotube ring which has said semi-conductor property or conductivity is a transistor given 
in any 1 of <1>- <13> characterized by being the carbon nanotube ring of a single wall, or its aggregate. 
[0024] <15> The ring outer diameter of the carbon nanotube ring which has said semi-conductor property or 
conductivity is a transistor given in any 1 of <1>- <14> characterized by lOnm or more being 10 
micrometers or less. 

<16> The size of the tube part of a carbon nanotube ring which has said semi-conductor property or 
conductivity is a transistor given in any 1 of <1>- <15> characterized by lnm or more being 1 micrometer 
or less. 

[0025] In this invention, it has succeeded in forming the transistor of the quality stabilized by the carbon 
nanotube by using the carbon nanotube ring formed in the shape of a ring. When this produces a carbon 
nanotube ring from a carbon nanotube, there is little dispersion in the magnitude (ring outer diameter) of the 
carbon nanotube ring obtained, it can classify the carbon nanotube ring obtained further for every 
magnitude, and is because the carbon nanotube ring of the stable magnitude can be used as a semiconductor 
material or electrode material. 
[0026] 

[Embodiment of the Invention] There are two gestalten of that by which it is using [ as a semiconductor 
material ]-as transistor of this invention-carbon nanotube ring which has semi-conductor property 
characterized, and the thing by which it is using-as electrode material-carbon nanotube ring which has 
conductivity or semi-conductor property characterized. 

[0027] The former For example, substrates, such as a n-type-semiconductor substrate as a control electrode 
(gate electrode), The carbon nanotube ring and ** which have the semi-conductor property of p mold are 
arranged in the condition of having insulated electrically so that a ring side might contact. By connecting 
two electrodes to said carbon nanotube ring, and using the electrode concerned as a source electrode and a 
drain electrode The current which flows to a source electrode and a drain electrode, or the electrical 
potential difference impressed to a source electrode and a drain electrode is changed with gate electrode 
potential, and is controlled, and it functions as an active electronic device. In addition, if a control electrode 
(gate electrode) is arranged on near and the estranged location of not only substrates, such as a n-type- 
semiconductor substrate, but said carbon nanotube ring, it is satisfactory in this invention. Moreover, when 
using a n-type-semiconductor substrate as a substrate, as a concrete ingredient, single crystal silicon, gallium 
arsenide, indium phosphide, gallium nitride, a diamond, etc. are mentioned. 

[0028] The latter For example, a n-type-semiconductor substrate and the carbon nanotube ring which has 
conductivity or a p type semiconductor property, Are arranged, where shot key connection is made so that a 
** ring side may contact, and it functions as a control electrode (gate electrode). To the part expressed from 
opening of said carbon nanotube ring of said semi-conductor substrate front face Ohmic connection of the 
electrode (a drain electrode or source electrode) of 1 is made. Further Ohmic connection of other electrodes 
(what is a drain electrode or a source electrode and is different from said electrode of 1) is made in near and 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/29/2006 



JP,2002-076324,A [DETAILED DESCRIPTION] 



Page 4 of 9 



the estranged location of said carbon nanotube ring of said semi-conductor substrate front face. The carbon 
nanotube ring as a gate electrode is electrically [ as the electrode of 1 allotted in opening of this carbon 
nanotube ring ] independent, controls the current which flows between the electrode concerned of 1, and 
other electrodes arranged on near and the estranged location of said carbon nanotube ring, or the electrical 
potential difference impressed between two electrodes by making it change with gate electrode potential, 
and functions as an active electronic device. 

[0029] Generally, the basic structure of a carbon nanotube consists of six carbonaceous membered-rings, 
and is having structure which usual graphite closed and became tubing in the air. A carbon nanotube is 
divided roughly into two kinds, a single wall and a multiple wall, and, generally the size (diameter) of a 
single wall carbon nanotube is lnm to lOnm. On the other hand, the size (diameter) of a multiple wall 
carbon nanotube is also various, and it has some which amount to several lOOnm. As mentioned above, it is 
presumed that two kinds exist although a single wall carbon nanotube shows the thing and conductivity 
which are indicated to be a semi-conductor property, and a semi-conductor property and the thing which it 
has are p molds. In the below-mentioned example 1 , it is proved that the single wall carbon nanotube which 
has a semi-conductor property is p mold. 

[0030] From the single wall carbon nanotube which is a raw material, said carbon nanotube is the following, 
and can be made and manufactured. First, the single wall carbon nanotube which is a raw material is 
produced by the arc discharge method or the chemistry gaseous-phase method. Then, the obtained single 
wall carbon nanotube is ultrasonicated in a methanol. At this time, a distributed property improves by 
mixing a surfactant suitable in a methanol by several% of concentration. Next, while carrying out 
plasmotomy of the carbon nanotube in a supersonic wave, it deforms annularly and a carbon nanotube ring 
is formed. This carbon nanotube ring is isolated with a centrifuge method. The obtained carbon nanotube 
ring exists independently in itself, or consists of 2 thru/or a bundle (bundle) of about ten (the latter is called 
the "aggregate" of a carbon nanotube ring). Moreover, although the factor which it will usually be presumed 
to be p mold if each single wall carbon nanotube shows a semi-conductor property, and determines a semi- 
conductor property and conductivity has an interpretation of being based on change of the chiral structure 
(torsion structure) of a carbon nanotube, and an interpretation of originating in the defect of a carbon 
nanotube, its this time is also unknown for details. 

[0031] in addition — the manufacture approach of a carbon nanotube — Journal ofPhysical Chemistry It is 
indicated by B etc. at the detail from p.7552 and the left of 13 lines to the right of seven lines volumel03, 
Number36, and September [ ] - the reference of 9, 1999, p.755 1-7556, R.Martel, and H.R.Hera and 
P. Avouris — setting, and the approach of starting can be applied as it is in this invention. It is desirable to 
make the time amount and the centrifugal separation conditions of sonication optimize using surfactant 
methanol solution at this invention unlike R.Martel, not using a sulfuric acid and a hydrogen-peroxide- 
solution solution as dispersion liquid, in order to classify the magnitude of a carbon nanotube ring further. 
According to processing conditions, magnitude can obtain an equal carbon nanotube ring in 20 to 50nm. 
[0032] Hereafter, a desirable operation gestalt is mentioned and this invention is explained to a detail. 
<Operation gestalt of** lst> drawing 1 is the ** type perspective view showing the 1st operation gestalt of 
the transistor of this invention. This operation gestalt is the example using the carbon nanotube ring which 
has a semi-conductor property as a semiconductor material. As shown in drawing 1 , the transistor of this 
operation gestalt On one front face of n mold silicon substrate 1 1 as a gate electrode (control electrode) The 
gate electrode terminal 15 according [ the oxidation silicone film (insulating thin film) 12 with a thickness 
of dozens of nm ] to metal electrodes, such as Au, is formed in other front faces, respectively. In the front 
face of the oxidation silicone film 12 The carbon nanotube ring 17 is laid so that a ring side may contact 
(namely, it is the same as that below of; after the ring has lain down as shown in drawing 1 ). The multiple 
wall carbon nanotube 16 and 16' are connected to the both ends, and it functions on the carbon nanotube 
ring 17 as a source electrode and a drain electrode. As for the actuation which forms the multiple wall 
carbon nanotube 16 and 16 f , at this time, it is desirable to use a scanning probe microscope as a manipulator. 
Each edge of the side connected to the carbon nanotube ring 17 of the multiple wall carbon nanotube 16 and 
16' and the opposite side is connected with the source electrode terminal 13 and the drain electrode terminal 
14. 

[0033] It becomes possible to change the potential of the gate electrode terminal 15 and to control the 
current or electrical potential difference which flows between the source electrode terminal 13 and the drain 
electrode terminal 14 by the transistor of this operation gestalt. That is, high-speed operation is possible and 
it becomes the transistor of the nano meter size which operates at a room temperature. 
[0034] As an electrode material of two electrodes connected to the carbon nanotube ring 17, although the 
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usual metal may be used, electrode wiring of low contact resistance is realizable with a tunnel junction with 
the carbon nanotube ring 1 7 by using the multiple wall carbon nanotube 1 6 and 1 & like the carbon nanotube 
which has conductivity, especially this operation gestalt 

[0035] As contact resistance of the carbon nanotube ring 17 at this time, and the multiple wall carbon 
nanotube 16 and 16\ it is desirable that it is less than [ more than OmohmlM omega ], and it is more 
desirable that it is less than [ desirable to high-speed operation / more than lohmlOOkohm ]. As a diameter 
of the multiple wall carbon nanotube 16 and 16', it is desirable that it is [ lnm or more ] 1 micrometer or 
less, and it is more desirable that it is [ 5nm or more ] 1 OOnm or less. 

[0036] As a carbon nanotube ring 17, it is desirable that they are the carbon nanotube ring of a single wall or 
its aggregate, as the ring outer diameter, it is desirable that it is [ lOnm or more ] 10 micrometers or less, and 
it is [ it is more desirable that it is / 15nm or more / 1 micrometer or less, and ] still more desirable that it is 
[ 20nm or more ] lOOnm or less. 

[0037] Moreover, as a carbon nanotube ring 17, it is desirable that the size (diameter of the carbon nanotube 
itself) of the tube part is lnm or more 1 micrometer or less, and it is more desirable that it is [ 5nm or more ] 
lOOnm or less. 

[0038] In this operation gestalt, although n mold silicon substrate 1 1 is used for the gate electrode (control 
electrode), if it is an ingredient which has conductivity or the semi-conductor property of n mold, any 
ingredients can be used for it. That is, it is satisfactory if the gate electrode (control electrode) 15 is arranged 
on near and the estranged location of the carbon nanotube ring 17. Moreover, when using the ingredient 
which has the semi-conductor property of n mold, it is also possible to use substrates, such as gallium 
arsenide, indium phosphide, gallium nitride, and a diamond, instead of n mold silicon substrate 1 1 . 
[0039] As an insulating thin film arranged between the carbon nanotube ring 17 and a gate electrode 
(control electrode), although the oxidation silicone film 12 is used with this operation gestalt, of course in 
this invention, it is not limited to this, but if it is the film which has insulation, any ingredients are 
employable. Like this operation gestalt, when n mold silicon substrate 1 1 is used as a substrate substrate, it 
is desirable for the formation to consider as an oxidation silicone film at an easy point. Although based also 
on the property of the transistor considered as a request as thickness of an insulating thin film, generally it is 
dozens of nm and it is desirable to specifically be referred to as 5-20nm. 

[0040] <Operation gestalt of** 2nd> drawing 2 is the ** type perspective view showing the 2nd operation 
gestalt of the transistor of this invention. This operation gestalt is the example using the carbon nanotube 
ring which has conductivity or a semi-conductor property as electrode material. 

[0041] As shown in drawing 2 , n mold impurity layer 28 which shows n+ field is formed in one front face 
of the n-type-semiconductor substrate 21 as a substrate, the carbon nanotube ring 27 which has a p type 
semiconductor property on it further is laid in it so that a ring side may contact, and the transistor of this 
operation gestalt constitutes a gate electrode (control electrode). The end of the multiple wall carbon 
nanotube 26 which has conductivity is connected to the carbon nanotube ring 27, and the other end is 
connected with the gate electrode terminal 25 which consists of metallic materials, such as Au. Moreover, to 
the part expressed from opening of the carbon nanotube ring 27 of n-type-semiconductor substrate 21 front 
face, ohmic connection of the end of the multiple wall carbon nanotube 29 is made, the source electrode 
(electrode of 1) 22 is constituted, and the other end is connected with the source electrode terminal 23 to it 
ranging over the carbon nanotube ring 27 (the source electrode terminal 23 and the n-type-semiconductor 
substrate 21 are insulated). Furthermore, ohmic connection of the drain electrode (other electrodes) 24 is 
made in near and the estranged location of the carbon nanotube ring 27 of the n-type-semiconductor 
substrate 21. 

[0042] Since what has a p type semiconductor property as a carbon nanotube ring 27 is used as a substrate, it 
is desirable to use a n-type-semiconductor substrate with this operation gestalt. Although the silicon 
substrate is most suitable as a substrate, it is also possible to use other gallium arsenide, indium phosphide, 
gallium nitride, a diamond, etc. When a silicon substrate is used, in order to deal with it in atmospheric air, it 
is necessary to stabilize a silicon substrate surface. If a silicon substrate is processed in a hydrogen fluoride 
water solution, the dangling bond (association without a partner) of a silicon substrate surface will combine 
with H (hydrogen). Since the natural oxidation thickness of a silicon substrate is about 1 a little less thannm, 
it is effective to face, using a carbon nanotube ring with a ring outer diameter of about 50nm for example, 
and to stabilize the front face of such a substrate substrate. It becomes possible to reduce the effect of oxide 
and to make stable shot key connection of a carbon nanotube ring and a substrate substrate by stabilizing a 
silicon substrate surface by H. 

[0043] Although the drain electrode 24 which consists of metallic materials, such as Au, is formed in n- 
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type-semiconductor substrate 21 front face, it is necessary to make ohmic connection of the drain electrode 
24 concerned with the n-type-semiconductor substrate 21. In order to enable ohmic connection, it is 
desirable to form n+ field in a n-type-semiconductor substrate front face. Although carried out with ion- 
implantation, in order to maintain high-concentration high impurity concentration near the n-type- 
semiconductor substrate 21 front face at this time, as an impregnation ion kind, As is usually desirable, in 
order to form n+ field and to form n mold impurity layer 28. Moreover, in the case of this operation gestalt 
which uses the carbon nanotube ring 27 as a gate electrode, as this ion injection rate, three or more [101 8cm 
- ] n mold high impurity concentration is desired as average concentration. 

[0044] In order to raise high impurity concentration, it is desirable to grind n-type-semiconductor substrate 
21 front face in which n mold impurity layer 28 was formed by well-known approaches, such as the 
mechanochemical-polishing method (abrasive material GURANZOKKUSU). At this time, as an amount of 
polishes, it is desirable to grind lOOnm - about 2 micrometers of front faces, and it is more desirable to grind 
about 200-500nm. 

[0045] As a bond resistance of the drain electrode 24 and the n-type-semiconductor substrate 21, it is 
desirable that it is less than [ more than ImohmlOOkohm ], it is more desirable that it is less than [ more than 
lohmSOkohm ], and it is still more desirable that it is [ lOOohm or more ] lOohms or less. 
[0046] You may have conductivity, although it is desirable to have a p type semiconductor property like this 
operation gestalt as a carbon nanotube ring 27 although the carbon nanotube ring 27 which became 
independent electrically is fixed to near and the estranged location of the drain electrode 24 (laid) and a gate 
electrode is constituted. 

[0047] Although the carbon nanotube ring 27 and the drain electrode 24 are near and being estranged is 
indispensable, as concrete both gap, it is desirable that it is lnm - about 50 micrometers, and it is more 
desirable that it is about 5-200nm. 

[0048] The end of the multiple wall carbon nanotube 26 is connected to the carbon nanotube ring 27 
concerned which is a gate electrode like previous statement, and the other end is connected with the gate 
electrode terminal 25. In addition, in this operation gestalt, although the multiple wall carbon nanotube 
which has conductivity in wiring between the carbon nanotube ring 27 and the gate electrode terminal 25 is 
used, golden metal wiring may be used. However, electrode wiring of low contact resistance is realizable by 
using a multiple wall carbon nanotube like this operation gestalt with a tunnel junction with the carbon 
nanotube ring 27. 

[0049] Like previous statement, ohmic connection of the end of the multiple wall carbon nanotube 29 is 
made to the part expressed from opening of the carbon nanotube ring 27 of n-type-semiconductor substrate 
21 front face, the source electrode 22 is constituted, and the other end is connected with the source electrode 
terminal 23. In addition, in this operation gestalt, although the multiple wall carbon nanotube which has 
conductivity in wiring (connection wiring) with the source electrode 22 and the source electrode terminal 23 
is used, golden metal wiring may be used. 

[0050] Moreover, as a bond resistance of the source electrode 22 and the n-type-semiconductor substrate 21, 
it is desirable that it is less than [ more than ImohmlOOkohm ], it is more desirable that it is less than [ more 
than lohmSOkohm ], and it is still more desirable that it is [ lOOohm or more ] lOohms or less. 
[0051] With the transistor of this operation gestalt, it becomes possible to control by changing the potential 
which applies the current or electrical potential difference which flows between the source electrode 
terminal 23 and the drain electrode 24 to the carbon nanotube ring 27 which is a gate electrode. That is, 
high-speed operation is possible and it becomes the transistor of the nano meter size which operates at a 
room temperature. 

[0052] Since the desirable modes (contact resistance in case magnitude and both are connected etc.) of the 
carbon nanotube ring 27 used in this operation gestalt and the multiple wall carbon nanotubes 26 and 29 are 
the same as that of the carbon nanotube ring 17 explained with the 1st operation gestalt and the multiple 
wall carbon nanotube 16, and 16 ! , the detailed explanation is omitted. 

[0053] In addition, it is still more desirable to use the SOI (Semiconductor on insulator) substrate which 
consists of silicon and silicon oxide as a substrate substrate in the mode of the transistor of this operation 
gestalt. At this time, it is desirable to process the thickness of a surface semi-conductor layer even into about 
50nm by making the chemical mechano polishing method and etching use together. Furthermore, it is also 
possible to use the substrate which was made to form a polycrystalline silicon layer in an oxidation silicon 
substrate surface by a chemistry gaseous layer method etc., and introduced n mold impurity. At this time, it 
becomes possible by re-growing up the diameter of crystal grain of a polycrystalline silicon layer into bigger 
1 micrometers or more than the ring outer diameter of a carbon nanotube ring by the annealing method etc. 
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to prevent the fall of mobility. 

[0054] <Operation gestalt of ** 3rd> drawing 3 is the ** type perspective view showing the 3rd operation 
gestalt of the transistor of this invention. This operation gestalt is the example using the carbon nanotube 
ring which has a semi-conductor property as a semiconductor material. 

[0055] As shown in drawing 3 , the transistor of this operation gestalt is a mode by which the gate electrode 
(control electrode) 18 is formed in near and the estranged location of the carbon nanotube ring 17 of silicon 
oxide film (insulating thin film) 12 front face. In addition, it is n mold silicon substrate 11, the silicon oxide 
film 12, the source electrode terminal 13, the drain electrode terminal 14, the multiple wall carbon nanotube 
16, 16 f , and the configuration as the 1st operation gestalt with the same carbon nanotube ring 17, and is 
arranged similarly. 

[0056] That is, the transistor of this operation gestalt give the same sign as drawing 1 to the member which 
have [ in / be the same as that of the 1st operation gestalt including the desirable mode, and / drawing 3 ] the 
same function as the 1st operation gestalt except for the gate electrode be prepare in near and the estranged 
location of the carbon nanotube ring 17 of silicon oxide film ( insulating thin film) 12 front face instead of 
the tooth back of n mold silicon substrate 11, and the detailed explanation be omit. 
[0057] Although the carbon nanotube ring 17 and the gate electrode 18 are near and being estranged is 
indispensable, as concrete both gap, it is desirable that it is lnm - about 50 micrometers, it is more desirable 
that it is about 5-200nm, and it is desirable that it is especially around lOnm. 

[0058] The carbon nanotube (for example, multiple wall carbon nanotube) which has metal wiring or 
conductivity is also available for the gate electrode 18. The end of the connection wiring 19 is connected to 
the gate electrode 18, and the other end of the connection wiring 19 is connected to the gate electrode 
terminal 30 which consists of metallic materials, such as gold. Although any of a carbon nanotube which 
have metal wiring and conductivity are sufficient also as the connection wiring 19, it is desirable to use the 
same ingredient as the gate electrode 18. 

[0059] It becomes possible to change the potential of the gate electrode 1 8 and to control the current or 
electrical potential difference which flows between the source electrode terminal 13 and the drain electrode 
terminal 14 by the transistor of this operation gestalt. That is, high-speed operation is possible and it 
becomes the transistor of the nano meter size which operates at a room temperature. 

[0060] In addition, although the thing in which the insulating silicon oxide film 12 was formed was used for 
n mold silicon substrate 1 1 like the 1 st operation gestalt as a substrate with this operation gestalt, if the field 
in which the carbon nanotube ring 1 7 is laid has insulation, what kind of ingredient can also be used (also 
setting in the 4th below-mentioned operation gestalt the same). That is, the substrate itself may not have 
insulation, like this operation gestalt, regardless of insulation and conductivity, an insulating thin film may 
be prepared in the base of arbitration, and all these substrates are contained in it in this invention at the 
concept of "an insulating substrate." 

[0061 ] <Operation gestalt of ** 4th> drawing 4 is the ** type perspective view showing the 4th operation 
gestalt of the transistor of this invention. This operation gestalt is the example using the carbon nanotube 
ring which has a semi-conductor property as a semiconductor material. 

[0062] As shown in drawing 4 , the transistor of this operation gestalt is a mode prepared in the upper part at 
the pan of the carbon nanotube ring 1 7 with which the gate electrode (control electrode) 3 1 was laid in 
silicon oxide film (insulating thin film) 12 front face. In addition, the "upper part" here is satisfactory at all, 
even if it shall not express the vertical relation on the basis of earth surface, it shall mean the upper part in 
the pan of the carbon nanotube ring 17 at the time of being based on the silicon oxide film (insulating thin 
film) 12 and the vertical relation on the basis of earth surface is carrying out the inversion etc. 
[0063] In addition, it is n mold silicon substrate 1 1, the silicon oxide film 12, the source electrode terminal 
13, the drain electrode terminal 14, the multiple wall carbon nanotube 16, 16', and the configuration as the 
1st operation gestalt with the same carbon nanotube ring 17, and is arranged similarly. 
[0064] Although it is also possible to apply the noble-metals extra fine wires (Au, Pt, etc.) of several nm 
width of face to the pan of the carbon nanotube ring 17 as a gate electrode 3 1 prepared in the upper part, it is 
desirable to use the carbon nanotube which has conductivity. As a carbon nanotube which has conductivity, 
both single wall carbon nanotube and multiple wall carbon nanotube can apply. 

[0065] The end of the connection wiring 32 is connected to the gate electrode 31, and the other end of the 
connection wiring 32 is connected to the gate electrode terminal 33 which consists of metallic materials, 
such as gold. Although any of a carbon nanotube which have metal wiring and conductivity are sufficient 
also as the connection wiring 32, it is desirable to use the same ingredient as the gate electrode 3 1 . 
[0066] It becomes possible to change the potential of the gate electrode 3 1 and to control the current or 
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electrical potential difference which flows between the source electrode terminal 13 and the drain electrode 

terminal 14 by the transistor of this operation gestalt. That is, high-speed operation is possible and it 

becomes the transistor of the nano meter size which operates at a room temperature. 

[0067] When the carbon nanotube which has conductivity as a gate electrode 3 1 is used, the connection 

between the gate electrode 31 and the carbon nanotube ring 17 which has a semi-conductor property turns 

into shot key connection, and can form a shot key mold field-effect transistor in this case. 

[0068] As mentioned above, although four operation gestalten were mentioned and the transistor of this 

invention was explained to the detail, this invention is not limited to these, and if it is the configuration that 

the principle of this invention as stated above may be applied, it can adopt any configurations. 

[0069] 

[Example] Although the example of this invention is shown below, this invention is not restricted to these 
examples. 

(Example 1) The carbon nanotube ring was produced by ultrasoni eating the single wall carbon nanotube 
produced by the arc discharge method. Specifically, it ultrasonicated for about 1 hour by making 100ml (5% 
of surface-active-agent concentration) of methanol solution of a surface active agent (the Wako Pure Chem 
make, benzalkonium chloride) distribute 50mg of single wall carbon nanotubes (the frequency of 20kHz, 
output 50w). Then, centrifugal separation processing was carried out for about 30 minutes with the 
centrifuge method. The recovery back washed with the filter and the methanol and the acetone washed the 
carbon nanotube ring currently distributed in liquid on the filter. The size of about 20nm to 50nm and a tube 
part of the ring outer diameter of the obtained carbon nanotube ring was 2nm to 30nm. In addition, in this 
example, what has the ring outer diameter of about 50nm and the p type semiconductor property of 5nm of 
sizes of a tube part was used. 

[0070] The transistor shown in drawing 1 as is the following was produced using the obtained carbon 
nanotube ring. As a substrate substrate, n mold silicon substrate 1 1 of a field (111) was used. First, the rinse 
of the front face was carried out with pure water after detergent washing, and it was made to process and dry 
with an isopropyl alcohol steam. Then, Au was vapor-deposited on one side (rear face) of n mold silicon 
substrate 11, and the gate electrode terminal 15 has been arranged. Furthermore, the 50nm oxidation silicone 
film 12 was grown up by the plasma-CVD method, and the polycrystalline silicon layer was made to form 
with a reduced pressure CVD method on it. Next, As was doped with ion-implantation on the front face of n 
mold silicon substrate 1 1 (ion-implantation acceleration energy 40keV and ion injection rate [ of about 
2x1 01 5cm ] - 2), and crystal recovery was carried out by the rapid annealing method (peak temperature of 
about 1200 degrees C). Next, in order to stabilize surface oxide-film removal and a front face, it processed 
by HF and end processing of the dangling bond of n mold silicon substrate 1 1 front face was carried out by 
H. If H end processing of the Si (1 1 1) side is carried out, since stable Si-H2 will generally be formed, a 
silicon substrate surface becomes being hard to oxidize also in atmospheric air. 

[0071] In this condition, on the silicon oxide film 12 of n mold silicon substrate 1 1 front face, said carbon 
nanotube ring distributed by the methanol was developed with the spin coat method, and the carbon 
nanotube ring 17 was laid. Subsequently, the both ends of the carbon nanotube ring 17 were wired so that 
the multiple wall carbon nanotube 16 and 16' (diameter of about 15nm) might be connected and the other 
end of the multiple wall carbon nanotube 16 and 16' might connect with the source electrode terminal 13 
and the drain electrode terminal 14. The multiple wall carbon nanotube was used for wiring of the multiple 
wall carbon nanotube 16 and 16' as a probe using the scanning probe microscope (SPM) with two piezo 
actuators. 

[0072] Thus, it checked that change appeared in the source electrode of the carbon nanotube ring 17, and a 
drain inter-electrode current potential property by changing the potential of the gate electrode which consists 
of n mold silicon substrates 1 1 about the transistor of the acquired example 1 . That is, the potential (Vg) of 
the gate electrode terminal 1 5 was changed by the 1 between 0V-5V V unit, and the current potential 
property between the source electrode terminal 13 and the drain electrode terminal 14 was measured by 
using the electrometer 6514 made from KEITHLEY. In addition, measurement was performed in the room 
temperature (23 degrees C). The result is shown in drawing 5 . 

[0073] (Example 2) The transistor shown in drawing 2 as is the following was produced using the carbon 
nanotube ring obtained in the example 1. The n-type-semiconductor substrate 21 of the same (111) field as 
an example 1 was prepared, As was injected into the front face with ion-implantation, and n mold impurity 
layer 28 of n+ field was formed. In order to make As concentration the highest on a front face, about 300nm 
of front faces was ground by the mechanochemical-polishing method (abrasive material 
GURANZOKKUSU). 
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[0074] Next, Au was partially vapor-deposited on the front face by the sputtering method, and drain 
electrode 24 electrode by which ohmic connection was made was formed in it. Furthermore, n-type- 
semiconductor substrate 21 front face was stabilized by carrying out H end processing processing like the 
example 1. 

[0075] In this condition, on n mold impurity layer 28 of n mold silicon substrate 1 1 front face, said carbon 
nanotube ring distributed by the methanol was developed with the spin coat method, and the carbon 
nanotube ring 27 was laid. What has the conductivity of 8nm of sizes of the ring outer diameter of about 
50nm and a tube part was used for the carbon nanotube ring 27 at this time. 

[0076] Like the example 1 , using the scanning probe microscope (SPM) with two piezo actuators, the 
multiple wall carbon nanotube (diameter of about 15nm) was used as a probe, and it wired. First, it 
connected with the front face and the source electrode terminal 23 of the n- type-semiconductor substrate 21 
of the part which connects the multiple wall carbon nanotube 26 to the carbon nanotube ring 27 and the gate 
electrode terminal 25 with the first probe of SPM, next expresses the multiple wall carbon nanotube 29 from 
opening of the carbon nanotube ring 27 with the second probe. Thus, the transistor of an example 2 was 
produced. 

[0077] Thus, it checked that change appeared in the current potential property between the source electrode 
22 and the drain electrode 24 by changing the potential of the gate electrode which consists of carbon 
nanotube rings 27 about the transistor of the acquired example 2. That is, the potential (Vg) of the gate 
electrode terminal 25 was changed by the lbetween 0V-5V V unit, and the current potential property 
between the source electrode terminal 23 and the drain electrode 24 was measured by using the electrometer 
6514 made from KEITHLEY. The result is shown in drawing 6 . 
[0078] 

[Effect of the Invention] According to the transistor of this invention, the switching element which operates 
at the room temperature in which high-speed operation is [ that the nano meter size using a carbon carbon 
nanotube is minute and ] possible can be realized, and industrial usefulness is very high. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 4] 
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KE«© h7^^f^T, ¥4MMMR^>U ?y 

< i 4 > mm^mwnm t < »#*tt*wr s *- 

3< 1 >~< 1 3>OV-fn*M EiBtOh7V^* 
20 [0 0 2 4 ] < 1 5 > «KB¥»H:«ptet» L < 

^■rs^-^y^-y^a-yu yyfl.@a% 

1 OnmWl 0;imWT-P*SCt*«F«i:-r5<l 
>~< 1 4 >©^-rn^ 1 (CHBIgOh^y^X^T^ 

So 

< 1 6 > ffiRiN»fmttfc t < &#*4££f 

t;ytyf a-yj i-^eo^s^ i n 

m&±l iim&LTT*&%>£t*nWlt?5<l>~<l 
[0 0 2 5] *—#ViS*-a.-7M y 

30 ^:M?nfe*-#>tyfa-7'j yfitm^z, 

jffftLtv*. cnti, *-#y7"y^a-7*^p.*- 
tfyj-/?-a.-7V yy«fftltfcis, t#5fts#-# 
y tV ^ a - 7 y y fv>-k% t ( u y ^"ftS) ©tf 6 o 
* < „ * p> k» e. nfc * - * v y * a -7 y y 

7c$^cD*-^y^-y^a-yy y?*¥m#*mfcs 

[0 0 2 6] 

40 [^0^<D^i5S(D^®] #fg0j3© h 7 yy"y. * t Lxit, 
*mtm®%:m?z>ii-#yi-;=?-*-7v ytr&m 
mm£Lxm^z>c£ft®.t-?zt><D£, mwk&tz 

[0027] mma, &mmwm® w-vwm t 
Lx<Dnm¥mfommm<DMtiLt, pso*iwM*tt«r 
^rs^-^yfy ^-a-yy yy *^y vimwm 
»-r**?fc*«Wfi:«5««nfc«ji-eEH*n, msb 
so A-^y^y^a-^y y^c2o©«@*g^L, s 
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>, *ru*Aias, <<vv*jm, mjsvvi*. 94 

[0 0 2 8] mtf nS¥l»f*£fifc, 

$ (4 p §«NM*«ftt**rr / f-a-^y 

Sn/fc««lfB««*i{WWWi W-MIS) fcl/t* 

7v >y©ispa»»6*af sflwftfc, 1 on c f u 
-rviitfttty-^ti) *^-i»tt»a«n, £6 

y y^©ifi«^o«iisnfctt«fc«!i©«i ( k w y 

fe©) #*-Att8SRSnfc«>©T*fc3o y-hwii: 

ymmn&fticmztirz 1 ©watmacw 

[0029] -aawt*-#>^-y^a-^©s*^jS 
14, 0Sft4>6juRj:9#tjfta<n, a«©y57r>rh^ 

g*-jp>^/^j.-7{4, -»£*©*;£ (itS) # 
l nmfrP> l 0 nmT*&5„ — ^fi^-^y^y 
f-a-714*©*;* (Kg) fe«4r^ RlOOnmfc 

?■ a - ^4^Nw«$tt fc«f t © t mwt^t & ©© 

[0030] mtt-xyi-srzL-fii., mnx&z 
m-mfi-tfyi- y f-jL-^e>wT©«k 3 fc lxm&. 

5 0 ^©m, mztitcm-mtj-tfyi- st-*-?** 
* j-mx^wm$%. c<Dt%, 
icmmmmm^%<ommvm^ctx\ ft® 



(5) ^2 00 2-7 6 3 2 4 
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*-7vy7imtitetiz>o m&ftimic**)* c©* 
-xyi-s^-L-yv yvzmmtZo wetifc*-* 
yi- vy fit, %tinwmkx*mtfrz>b\ 
2&v^Ll 0*SS©/<yK;l/ Gfc) 4t>*M$ftT<^ 

««*«fttt*«ttfc%j*s-rssHf4, 
10 a-^©*-r^;i/«jg (fcunnijfi) ©^kfcfcst^ 

ti^iww**^ i¥aaf4^^T»fe^wpfes, 

[00 3 1] Jt)-$yi-s?-3.-7<Dm&3ffic 
OI^Tte, Journal ofPhysical C 
hemistry B (volumel03, Numb 
er36. September 9, 1 9 9 9, p. 7 
5 5 1 -7 5 5 6, R. Martel, H. R. Her 
a and P. A v o u r i s OMlCfe^T, p. 

7 5 5 2, fel 3frfrS£7fT$-?) ^fcHMfflfctams 

20 nt&y, *awfc*v^T, frfr £#}£;&•?■©£ 

a.~7Vy ZZftWIt&tctblC. R. Mart 

e i tim&t), ftmmtLxtim-mmtTkmfc®®. 

[0 0 3 2] WT, *f§0^^, »S LU^Sf6«gg«rW 

30 TW»fc«wrs. 

<m i ©nwffi>H i (4, *hb^co h 5 >v ! x^©m 

Bmobvyvxtut, ?-hmm mmws) tbx 

OnSi"j3yIIl 1©-^©^S^, |!(+nm©J5 
SORfb^ynySI (MttttMiD 1 2A% ffi©^ffi 

n^tu&asftTfetK ift->'j3yii 2©^®fc 
40 14, *-#yt/fW)yyi7^ 'jyws 

=f-3.-7Vy>f\ 7fct4, ^©Sffifc^fie*-^^ 
/fa-yi6, 16' ffW&ZtU V-X*SfeJ:ff 

KWytltLtiits. c©i:$, £fili£-# 
yt/fa-^i 6. i6' ^jgis-rstRfttt, M&m 

SSU\ 1 6. 16' 

©, *-#yty?a-7'jy^i 7c»a?nfcfl!ifc 
so sMiJw^ti^n©^^, y-x«sjsr?i 3*540 



9 

[0033] #mim&<Db7>i?wvi^ v-xm 
t l < &«es\ y- h 1 5 ©«tt*«fl:s« 
mx, mrnxmrttz+s xob^yvx 

[0 0 3 4] *-*>t7f a -^'J^*l i^mfcz 

ns 2 -D<Dmm<Dmmtt®t vxit, ii^<o&js£ffl^ 

6, i 6' *m^zctx\ *-#y+s?a.-7vy 

[0 0 3 5] C<D£i*<Oi3-7?syi-;=f- 3 .-7\)yV\ 
7 t&WM-h-iSy-f; i-z,.-? \ i6' 
fflfifcl/Tfi. OmQJULtlMQJWT"P**Cfc*WS 
U < , LV> 1 QJiLh 10 0k QJMTT* 

6, 1 6* ©it&hLTfi, lnm«±l (im«K^ 
5nm«±10 0nmOTT*fe§i: 

[0 0 3 6] *-^tyfa-7'Jyyi 7 £ LT 

it, 1 0 n m«± 1 0 ^ mJ-XTtSS il I < > 

1 5nmW±l /imJMT-C**Cfc#«fc»)#*L<, 2 
0 n mJ^± 1 0 0 n mfe(TT&3 il fc#;£ 5t» £ L 

[0 0 3 7] Hfc, A-*yt/fa-7'Jy^l 7t 
UTS, ^©^a-7gM£©*$ 
7£<*«e@) 1 nmJM±l ftmJMTTfcSCfctf 
#£L<, 5 nm«ll 0 0 nmttTTSSCttfJ:!) 

[0038] *nssmffit;:tei/>T, y-h«a 

-bmm (fHflntS) 1 5tfiE£ft£<fc-Mc-fftfcf, 19 

<<yv*jm, mtmt>u, mam 

[0 0 3 9] A-^^y^a-^'J^l 7i:y-h 

a, *nmBmr*itwtitisv^ymi zzm^r^z 
t>\ tarnxftwias^xitctucmfezti-?. 
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mmmtLxm^rc^iat, *<mi8LimmT}ibz& 
x\ y n >zs t t s c £ # a $ u^ 0 

5tf, -IRWttta+nin-efeOx Sttttfctt 5~2 0 
[0 0 4 0] <»2 0H«Hg«>H2tt» *^Ch7 

nmm&M, mm&$rci*¥m#im*Gt%*-#y 
y>?*wmh Lxm^rzmx&Zo 

10 [0 0 4 l] mzic^&oi^fkffiBmeyY^yVT, 
Zit, TtfJfcLT©nS¥#tt»K2 1 <D-7j©g® 

fv y?27t>\ v y7mtf%&?z&ofcmwzti, 
y-tmm ammm) *mm% B * 
-■7vy?2 7\cit, mn&*mtz&m.m*-$yi- 

*fc, n 2 l£ffii©, 
20 ?Vy>f2 7©^ngl5^P,*Ul-r5g|5ffi{C > 

#>^yg L a-^2 9<D-w^--Attg^$n, y- 
y^a-yj y^2 7**^1^ v-xwuis^ 2 3 

452 1 fcfcMftBSntVS) o n$MMW*S« 
2 1 CD, *-*yt/fa-7ijyi'*2 7©iS#frO» 

i±*mm-$tix^%o 

[0 0 4 2] WRtLTit. *-*>tyfa-yyy 

?y?'vyyxyv («#*tfcftv^) (?j< 

JR) hlS^-TSo S"j3>JS«©i«fflWklllWittl n 
40 m940f, CT^-tf U y^% 5 0 n mefiO^-sJO 

*-#yi-y3-a.--7vy7tTmw&<D& 

[0043] n m*m#£&. 2 1 a u mv&mtt 
f w y*s 2 4 ^jgfigr-53b% mm f u^r 
y*H2 4(±, ns*i»ift2 1 t*-L,&mmit 

50 iMSifflicn'sg«t5: t««a*u^ n* 
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mM£Lxm^Z>*^MBM<Dt§£lc*s^Xte, ¥^iS 

mttx, i o 18 cm" 3 u±(Dnm^i&®mmfi i m%ti 

So 

[0044] *»ijg£ft±£-es£i6fcw:, *t>; 
>r^i3)\># v y i/ym (.mmmv? y * X) m<D io 

'&&(DfilkX\ n WfWtom 2 8 t^B^ntc n 

mmtLXte, SffiS: 1 0 0 nm~2 /im§fi#f^-f& 
£ttfm£L<. 2 0 0~5 0 0nnvgjg$f^-f5;:i; 

[0 0 4 5] KU>C>««2 4 £nS¥^#»IK2 1 £ 
©Jg^gtai: LX&, 1 m£HX± 10 0k QtTFT'&S 
£ttfm%L<, 1 QJ-X±5 0 kQJ^TT&SCtftU 
t>S£L<, 1 OOQWil OQUTX&ZCttfZlb 
^SSLl/' 1 o 20 

[0046] fw ymm 2 4 ©jfiftj&oiiisstifcffi 

fife, ni«.mc1&tiLrcJ}-tfyf V y>f2 
*-#yi-/?3.-7V yfzi t L-ai, *^fid^ 

[0 0 4 7] *-#>t/fa-7'J^2 7fcKW 
>«I2 4^ S^oT, J&OjWSSftSCi:** 

mftw%m%<Dmmt b-a*, 1 nm ~ 

5 0 fimmmX'ibZ££t>m£L<, 5~200nml 30 

[0048] y-htit^5ai*-*ytyfa- 
■7Vy72 7iciz, $m<Dto<£mmti-$yi-/3-* 

-72 6©-«^Si?n, h«ffi^2 5 

y-t/7-^-7 v y?2 7 ty- hWitt? 2 5 fc©ia 

U *£MBM(DJ:olc§rnm*~#yi-S 7-3.-7* 
m^ZZ£X\ ti-$yi-S?3.-7Vy72 7 £<Dh 40 

[0049] gE$©&n< , &mm.t>-i£yi-;i-3.--7 

2 9<D-m\ n^¥#f*a«2 Igffl©, 

^tssaastu y-x«f2 2*«*su mb, y- 

fcl^T, 7-XWS2 2 i: V-X««?2 3 £©&*§! 
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[0 0 5 0] V-Xiffi2 2tnlf#fta«2 

1 £:©g^}gtr[£ L"Oi, 1 mQJ^± 10 0k QJWTtf 
hZCttfm£l<. 1 QW±5 0 kQtTFT'fcSEi: 
tfJ^SSL-C, 1 00QW±1 OQJ^TTfeSCi:^ 

[005 1] xmimmobvyvxzxi^ v-xm. 

<««e£, y- hmm?h%j]-xyj-s?- : L--7v 
y72 7icfri,fzn{iL%mt-intz££x\ mrntzc 

M ft "T S * 7 - # — >t X© h v y 5> X * i: & 5 „ 

[0052] xmMBmias^xm^zti-xyi-s? 

6, 2 9©»SU^«« PfgtffflRSftS* 

y-tyf-a.-fv y? 1 7*j:t;^sa*-si?>"ty^ 

1-^16, 16' fcH«T**fci&, ^©§¥lffl&t«0;i 

[0053] &*>, *mimwiv>Y : 7yi?7.z<owm 

$tl<S> SOI (Semiconductor on i 
n s u 1 a t o r) Sfifcffl^SEfcfci:, 5 6fcS$L 

>^*«fffl«-*5Ci;T, Sffl©¥W&f ©/?£%& 5 

u n ymmmmicit^usmmx^^y v a yB^^ 

[0 0 5 4] <m3£DHaBmS>03«, *!8W©h5 
^^X^©m3©^fi(S^I8^-r^^S0T*fe5. * 

<j yrz^mmtnt Lxm^tcmx&% 0 

[00 5 5] 03 {C^-r«k a HO h 7 

y-h*@ 1 8A\ m<ti/v=iym 

(.tm&mm 1 2mmv>*-$yi-s?-3.-7vy7 
i 7 ® ififcfr o j§ib $ nfett bk»^ 6 nr v ^ tisi-e 

i 2, v-x««mkpi 3, Ki/>r>«w?i 4, ^ 
ii*-#>t/f a -7i6, le'.A-^^-^-y 

[0 0 5 6] -T^t)%, ^^ffiOh^y^T.^ti, 

ftj"ja>i Ctt»tt»m) 1 2mm<Dt>-myi-;?- 
*-7vy?i 7<oifi«*»oiiiffl*nfcffi«»j:R*t6n 
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[0057] i]—&yf;=f-=L--JVy>?\ 7 tf-Y 

SJ^**^ ^f*W*Pi#©iai«fcLTtt, 1 nm~5 
OpmfijrCfcSCfcjWKlX, 5~200nmil 
T'&SCttfJcDgfK, 1 0 nmtu&T'&SCttf 

CO 0 5 8] 1 8tt, ^ssa^r*fe^«tt^ 

r«,«fe*v\ y-h*ii sea, 

Blftl 9 ft, SSRKtai 9©ffiHH4, & 

•0&ll*m*»64*y- h*ffJf?3 OfcS^^ft 

[0 0 5 9] *nMBM<D h^yiSXZVtt, y-x* 
1 3 4: KWVllfflf 1 4 fc©|fflfcH£ftS«!K 
b < tt«E*» V- h «S 1 8 ©«fc*gffc;£-eT*J 

[0 0 6 0] *H*Jg»-ptt, fflK^LTjfU© 

mmmm t mm, ns^un >s« 1 1 (c«w£osfb 
y?-a-y>jyy*i 7^*H?ft*®^«s»tt%wr* 

SWBS8© J: 5 gWttfcffifr-f ffit©SWc, 

8«tt»ll£Rtt;fc«>©T?SoTfcJ:<, #f8Uifc:fc^ 
f , cft&©2S«£Tff rtftKttSCj ©Sfc&fcSSft 

So 

[0 0 6 1] <fg4©£S&eaK>Bl4«\ *fSB^©h^ 
[006 2] 04 fc^f «k 5 fc#ISa0$»© h 5 y v'X 

*«, y-hwi ohms) 3 \ t>\ mo'V^ym 
<mm.nm) \ zmmimm^ntc^-^yi-y^a. 

-7'J yf 1 7 ©2 6fc±fflfcSW-6ft-CV5!BttTfc 
5 0 ClTVo r±g|5j tti. %^S^S?Pi:L 
fe±THff**ft)©Tfift<, »fb'>Uny« (ffift 
&MM) 1 2^a*jS{cLfc^(ct3^5*-*y^-y^ 
a-7*'jy^i 7©?6^±gu^ici»-r5fe©i:L^ m 
mmttmmt Ltc±Tm&&wmLT^Tt>£< mm 

[0 0 6 3] *-©ftt nmyv=iymmi i, mit->v 
3yii2, v-* wi «? 13, hw y«s*K? i 
4, ^ag*-#y^y^a-y i 6, i 6' , 
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y^-yf-a-yyyyi 7 a, $i©$tt»ft££FftX© 

ESHcEKSft*. 
[0 0 6 4] *-3Kyty^a-y>jyy i 7©£6fc 
±WfcK»J-6ft*y-h»BS3 ltLTtt, &nmiH© 
*^«M*HI)SS (Au^Ptl) *Mm?ZC£t>r>SffiV 

t-oi, *-M*-#y^-y^a-yfe«ttf^asA- 
#y^-y^a-y©s#^)gfflpit6T**So 

10 [0 0 6 5] y-h««3 1 fctt, s^ga^3 2©—* 
tfSSRSft, &MS$3 2©fl!«, £H©£Mfcfflfr 
6ft*y-hWBSI}?3 3f!:»aSftSo S3MS3 2 

7©v^tn*t,;#bfti,^, y-h*!3 1 £H-©# 

[0 0 6 6] :*3SB»j&t8©h5ys>x*-ctt % y-x« 
l 3 i: FWyW8? l 4 i:©fBfci!itftsmi}St 
IX «*EE£, y- h*tl3 1 ©*{ft*g{fcS-eTM 

20 T\ SST-Kf^'TS^yy-^— 9-^X©h7>^X^ 

[0 0 6 7] y-h«ffi3 1 4:LT#«tt%WTS*- 
*>-fyf-a-r*fflV^*& % y-h««3 It, ¥ 
#(W$tt«ttS*-sR>t/f-a-^iJ>yi 7fc© 

h?y^ * zct wz* s 

So 

[006 8] w±, *fga^© h7y>*x^^4 o©HJg 
30 ?n^fe©7?«^:<, BBfi©*»W©Sl!*^ffl«ftfi 

[0 0 6 9] 

ftSOffOfcWRSftSfeO-ptiftVo 

dswffn i ) T-?i&nm-eimLrz&-mt>-xyi- 
40 sstt^ijiag5 %) loomi (c^-ii^-^y^yf- 

a-y^5 0mg»Sl$-y:, S^iSSaa (^&Sl2 0k 
Hz, ffi^50w) 1 «FBIfTofco ^©^, 

tv^sa— Kyi-/?*— 7*'J yy^y-c;u^-THiiR 
y-r^^^r-y^y-yi/tr-bhytc^^^b 
fc 0 ^ft/cA-^y^y^a-yy yy©u yy^g 

ti^32 0 nm^f, 5 O nm, ^a-yaP{ii©*^{i 2 n 
mfrP.3 0 nmtfeofe, *43, *HJgp-ea, U yy' 
W0nm> f-i-yg|5{u©*$5 nnKOpS^i 
50 fMttt%Wr5*>©*ffl</*fco 
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[0070] i^n/cA-ii-^tyf a-7u y^ffl 
ttzo ymmmtLxit. a i o w<Dnw*sV3> 

Au£M«U y-MMiim 5£B2Bb/c 0 
t N yvX-7CVDST50nmcDKfki>";nyMl 2 
^©±fc, lECVDST'W^'Jny 

-40ke V, -r^yftA**>I2X 1 o' 5 cm" 2 ) U 

^tf-y FT— — u y?m (¥—?um® 1 2 o o°o x* 

S©^>^>; y?$y Y*\\x%mm Lfc 0 -HSfc, 
si din ffi^H^^a-r^t, ££fts i-H 

[0071] <:o^t\ nw-yv^ymmi \ mm<D 

m*-Xyi-s?-L~7Vy?ttx¥y3~b mxmffl 
U li-$yi-/?a.-7Vy7i 7^mmLtzo 
x\ ij-^yf/^^-y^y^fx 7<Da%mz, zmm 

*-ryt/fa-7l6, 16" Gi®ftl5nm) 

6, 1 

6 ' CD«# V-7.*M? 1 3 *3<fc tf F W VttliiS 

^i 4iigM-r?.<fc9{cBB^Lfc 0 ^MHA-^yf-y 

16' cDSHatCli, 20©tfxV7^^ 
aX-^^tO^SSi^P-^^il (SPM) 

fco 

[0 0 7 2] <KD<t ^ LTt#5>^lfcHi5S0!l 1 <DF5y 
v^X^fCOV^Ts nS->'j3>lIl litJ^^n-S 

a-^'jy^i 7oy-xi«itfFWy|«« 
«^mE^14{c^b?b^n§ c i: t/c„ -f ft 
"6. 5©ttffi (Vg) £0V~5V<D 

RS 1 VMfrT*mt-$-£X, y-XSSJSf? 13tKW 
>«ffi4S^ 1 4 ^(^©WffiltElftt^ K E I T H L 
EYttHxl^ 5 1 4%ffl^5Ci£«fc 

oiJ^Lfco ft*3> mmmu (2 3°c) ^xn^k 0 

[0073] mmmz) mmm 1 ic^xm^ntz^ 
-xyf/f-^-yvyfzm^T, i^t© £ ? k lt 

(111) ®tDn^#^S«2 1 Affile U «S(C^r 
* ^aXffiT* A s SrSA U n * WA<0 n UTOGftJI 2 
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x) x\ mffi*3oo nmmmmmbrzo 
[0074] mffiizx>*y?vy7mx*Au*m 

s«2 i&m*HwmmimtzctT*&fc{tZi£ 

[0 0 7 5] cottjr^ nS'>yny|SSi HI© 

*-^vfy^a-^ij y^&xtr yu~ vrnxmrn 

10 L, i3~#y-j-;i-3.-y\)y>?2 7*«ILfe, £<D 

tt®A-#>tyf-a-7y y^*2 7 a, vy?n& 

£j5 0nrm f-a-r»ffi©*S8nm©**tt*frr 

[0 0 7 6] Hftfflll 20CDt!xV7^^a 
x-*%t,0^aES^D-rK«« (SPM) 

5nm) SHIfflU W,mLrco $1\ *-#>^/^a 
-•7Vy*f2 7tS&.XS?-Yn.W$&2 5ft, SPM© 

20 U #tc> ^r^a-^T^MS^-^^/^a-^ 
2 9**-#>-f ;=f-*-~?Vy>?2 7©BIP»^6* 

w-rsawftons^aM^ssz ion, *5j;t>\ v- 

X*M?2 3£J6«Lfc, COidKLT, ^fig^lj 2 
Oh^y^X^^SLfco 

[0 0 7 7] C©«k^(cLT^6nfcHjefie>j2(DF5> 
^X2tCO^T, *-#>t;fa-7'Jy^2 7 <fct) 

X«H 2 2 * £ tf K >IS 2 4 ?&<Dm.ffi.m.Emmc 
30 ?2 5©*{i (vg) *ov~5voiai va!l*-easfl: 

^■&T, V-Xt«f 2 3 i; KU-C>*«2 4 i:©P^ 
®»i)it*JEE^14?rs K E I T H L E YttSxl^^ hp^ 
-^-6 5 1 4£ffll^5CfcfcJ;t)aiJ£Lfco ^colS* 
^:06fc^1-„ 
[0 0 7 8] 

B6W©S»*] ^WOF^y^X^fcckntf, 

> * - # y ^ y a - f ijffl t rc ? ; * - * — 1»- x 
ofR/j^KaiwmffiftSii-eiM^-r « x ^ ^ 
?*h^t*#, xmm&mmmibxm\ 

40 [0fflO©*ftI«H^] 

[0 1 ] *%W(D F 7 > v?X ^ 1 ©HJgJg»%^ 

[02] *§zm<oh7yi?z2<D%i2<Dmtimwi*7fi 
tm£%m®x*&z>o 

[03] *%m<Dh?yi?xz(Dm3<DnmBm%7F; 

[04] *MW<Db7yi/*$<DWi4<DmMBm*7n 

Tm$.®mwx&z> 0 

[05] ^awonaswohv^x^tefcttsv- 
50 x«ffife«ktf f U'C ym.Mm<Dnmw£&&x&z 0 



(10) 
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[06] *mn<Dm<Dnmm<Dh7yis7>zictstfz> 

So 

1 1 nmi/V^yMfo 
12 IftJ/'Jnyl 
13,23 V-XMISffi? 
1 4 KUfyWStt? 

15, 2 5, 3 0, 3 3 y-h*«4B? 

16. 16' , 2 6, 2 9 £Mii#-#y?Vf-a-*10 



ftffl 2002-76324 
18 



*7 

17,27 
18,31 



1 9 

2 1 
2 2 
2 4 

2 8 

3 2 



nmmm 



[0 1] 



[02] 




[03] 



[04] 




[05] 



Vff=ov 



too 

80 
90 
40 
» 



■Z.5 -1 -Ij5 -1 -OJ nj&LjL**, a *** 

i 

ft 



* o ■ 



o 



-40 



1J 



£5 




(11) 



&m 2002-76324 



(51) Int. CI. ' 

H 0 1 L 29/786 
21/338 
29/812 
21/337 
29/808 



F I 

H 0 1 L 29/78 
29/80 



T-V3-K (#^) 



6 1 8 B 

6 2 2 

B 

C 



(72)«w# mm -h 



F *-A(##) 4M104 AA01 AA04 AA05 AA10 BB01 
BB36 CC01 CC03 CC05 FF13 
GC09 GG12 

5F040 DC01 EC04 EC16 EC19 EC26 
EE01 EF01 EH02 

5F102 FB10 GB01 GCOl GD01 GD04 
GJ03 GJ05 GL02 GL10 GR01 
GS03 GS07 GT01 HC01 HC11 

5F110 AA01 CC10 DD05 DD13 EE01 
EE22 EE36 GG01 GG22 GC23 



I 



